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1 
This invention relates to machines employing 
the pantograph method of controlling the feed- 
ing of work to a grinding wheel, or other cutter, 
in the process of forming profiles, or contours; 
especially precise and intricate contours 
quired in making dies, tools, instruments and 
various fine machine parts. 
This invention relates to a machine for shap- 
ing and finishing profiles and contours, par- 
ticularly irregular and intricate profiles and 
contours which must be ruade fo precise di- 
mensions as required for example in the making 
of tools, dies and various fine machine parts, 
wherein the movements in bringing the work 
and grinding wheel or other tool or cutter to- 
gerber, generally termed "feed movements," are 
a replica on a reduced scale of the approach and 
contact between a pattern and a stylus as in 
the case of the well known pantograph method 
of reducing motions. 
More particularly, this invention relates to 
a variation in the application of pantograph 
action wherein the work holder and the pattern 
holder are Iivotally connected to the pantograph 
with pivot axes at the pantograph-defining 
points accomplishing a combination of angular 
movement about the pivot axis and bodily more- 
ment according to pantograph action of the work 
relative to the cutter whereby the highly desir- 
able features oï instant and infinite variation 
of the angle of the cutter relative to the work; 
which great]y facilitates the operation oï shap- 
ing and finishing intricate profiles, and having 
the cutter in a fixed .position on a common sup- 
port wih the pantograph "ray center" pivot are 
provided. 
The ability to readily vary the angle oï the 
cuel with the work hot. only provides great 
fiexibility in the finishing of profiles, but makes 
if possible to complete jobs at one setting and 
with one cutter. Additionally the cutting tool 
or cutting wheel can be used to its best 
vantage fo gain faster and smoother finishing 
and. longer liïe of the cutter because the fiexi- 
bility of my invention enables more of the cut- 
ring fo be done with the side faces or cheeks 
of the cutter or cutting wheel, saving the edge 
or point of the tool for operations where a 
weli-defined edge is necessary, as in the shaping 
of inside corners. The invention finds especial 
application in connection with the operation of 
finishing profiles to precise dimensions by 
grinding. 
While pantographs bave heretofore been used 
to. control the feed movements between work 
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2 
pieces and shaping tools, the present invention 
utilizes the pantograph in a new way to greatly 
simplify the mechanism while increasing the 
fiexibility of its use. 
5 My invention is more fully described in con- 
junction with the accompanying drawings which 
illustrate an embodiment thereof and diagram- 
matically show its operation. In the drawings: 
Fig. 1 is. a plan view of a machine embodying 
10 my invention; 
Fig. 2 is a side elevation of the machine shown 
in Fig. 1; 
Fig. 3 is an end view of the machine shown 
in Fig. 1, with a part thereof in section; 
15 Fig. 4 is a diagram which simplifies the ex- 
planation of the basic nature of my invention; 
and 
Figs. 5 and 6 are additional diagrams, used 
in explaining the use of my machine. 
20 Referring fo Fig. 1, the links I, 2, 3 and 4 
are pivoted together so that the pivot centers 
A'BCE become the vertices of a parallelogram. 
Also there is shown a work piece 5 and there is 
a template 6. These are mounted on the work- 
25 carrying rack 7 and the template-carrying rack 
8, respectively. The links 13 and 4 connect 
the template rack  and the work rack 7, re- 
spectively, fo the arms o.f a 0ell crank , and 
thereby keep the two racks 7 and 0 in parallel 
30 relation (radially situated) at all rimes. There 
is a stylus 16 supported for cooperatïon with 
the template; and 7 indicates a grinding wheel. 
The dotted lines showing the racks in angular 
positions with respect fo the stylus  and grind- 
35 ing wheel or cutter 17 indicate how these links 
and.bell crank operate to keep the racks parallel. 
The work-carrying rack pivots about the 
center D, which is, by construction, on the line 
of centers CE, and the template-carrying rack 
40 pivots about the center F which is, by con- 
struction, on the line of centers BC. Also,. the 
center F is, by construction, in line with AD. 
This construction is such as will cause any 
transition movements of the pivot centers D 
45 and Fto be precisely according to the geometric 
theorem defining the movements of the pencils 
of the scribing pantograph, which is defined as 
a machine for drawing a plane figure similar 
fo a given plane figure (Plane Geometry, Book 
50 III, by Phillips and Fisher). 
The Plane Geometry refem.ed to above, shows 
that the linkages compriSing the pantograpti 
may .be variously arranged and the saine relative 
movements of the centers I) and. F obtained. 
 Tlese required relative movements are such hat 
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pivot center D will always be in the same straight 
line with A and F, and the ratio of the distances 
AD:AF will remain constant, and equal fo the 
determining ratio of the pantograph, which is 
determined by the proportionate lengths of the 
links comprising the pantograph. 
In the particular machine herewith described 
and illustrated, I have chosen to make the de- 
termining ratio 1 fo 4. The same explanation 
would apply, however, iî some other ratio, 
either greater or lesser, were used. 
Machines embodying my invention will have 
the work and template carried on the movable 
pantograph Iinkage, and the cutter and stylus 
will be fixed members, .whereas conventional 
pantograph machines have the cutter and stylus 
carried on the movable linkage, with the work 
and template the xed members. 
To prove the feasibility of my machine itis 
only necessary to prove that any cmï-esponding 
points G and H (see Fig. 4) on the perimeters 
of the work and template falI on a straight line 
extending through the fixed point A, and that 
the ratio AG:AHAD:AFthe determining 
ratio of the pantograph. 
The proof: DG is parallel fo FH and 
DG:FH=AD:AF (the work and template being 
radially situated and their ratio of similitude 
being as AD:AF). If also is apparent that the 
center of similitude or ray center of the work 
and pattern is at point A, the pivotal axis of the 
pantograph on the support. 
In the case of blunt or rounded stylus and cut- 
terhown in Fig. 4, designated 16a and 17a--it 
can be shown that the stylus must be shaped 
similar to the cutter, and the two must ha.ve a 
ratio of similitude equal fo the determining ratio 
of the pantograph. 
Since the points G and H are any correspond- 
ing points on the perimeters of the work and 
template, if is seen that the cuiter and stylus do 
not have fo be located ai particular positions, 
the only requirements being that they be in 
range of the pantograph, that they be aligned 
with the fixed pivot A, and that the ratio of their 
distances AG:AH=the determining ratio. 
Two positions of the template and work rela- 
tive to the pivot centers F and D are shown in 
the diagram, Fig. 4, the solid lines showing cor- 
responding sides of the work and template even 
with the centers F and D, while dotted lines 
show the saine corresponding sides "below" the 
pivot centers. The ratio of the distances ïrom 
the pivot centers fo the corresponding sides in 
each case, however, is equal to the 1 fo 4 deter- 
mining ratio. In the case of the sides even with 
the pivot centers, the explanation is that both 
I×0 and 4X0----0. 
Referring further fo the drawings and dia- 
grain in which the various parts are designated 
by numerals, like numerals designating like parts 
in the different views, an embodiment of my in- 
vention comprises a pantograph having ifs fixed 
pivot axis A supported in the bracket 9, which is, 
in turn, supported by the base structure 29. Piv « 
oted on the pantograph at pivot centers D and F, 
respectively, are the work-carrying rack 7 and 
the template-carrying rack 8. The work piece 5 
and the template 5 are shown positioned by par- 
allels which are, in turn, positioned by the side 
and end guide pieces attached to the racks by 
the screws 29 and 21. Clamps 18 and 9 hold 
the work piece and template, respectively, in their 
places. 
My invention further contemplates an ar- 
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rangement whereby the cutter ! 7 may be stroked 
across the edge of the work piece perpendicularly 
to the top of the supporting structure 29, or af 
an angle to the perpendicular. Other adjust- 
5 ments to compensate for wear of the cutter or 
other conditions are also provided. To this end, 
the grinding wheeI 7, or other cutter, is mounted 
on and turned by the shaft 22, the shaft 22 belng 
turned by the pulley 24 which is belted to a suit- 
10 able motor. The shaft 22 is supported for rota- 
tion in bearings which are contained in the quiI1 
25. Quill 25 is slidably held in a bore in the 
part 25, which is hinged on the slide 2 at the 
points 27. Part 26 is slidably supported, for rec- 
1.5 tilinear operation, on the rail 28, whlch Is at- 
tached to the base structure 29 by the studs and 
nuts . 
The assembly comprising the slide 26, the hinge 
part 25, pulley 24, quill 25, shaft 22, and the 
2O grinding wheel 7, is moved up and down (rec- 
tilinear) on the rail by means of the connecting 
rod $2, which connects a crank pin $$ with a 
wrist pin 46. The crank pin $ is mounted-on 
sector-shaped part 5, which is in turn mounted 
25 on the gear $. The sector is pivoted on screw 
$9 and clamped in various pivoted positions on 
the gear 4 by a screw and clamp ga. Thus the 
throw of the crank pin $ may be varied, to vary 
the stroke of the grinding wheeI, as the thlckness 
3O of the work piece-requires. The gear 4 is turned 
by the pinion $5, which is turned by the pulley 
$6 through the shaft 7, the pulley $5 being belted 
to a suitable driver. 
ihe upper end of the connecting rod is con- 
»5 nected to the wrist pin 4, which is mounted on 
the lever l. Lever 4! is pivotally attached af 
one end fo the slide 26 by the stud and bearing 
2, the other end of the lever being adjustably 
clamped to the segment 45 by the clamp 44, which 
0 is tightened by the screw turned by the handle 
4a, the segment 4 being attached fo the slide 
26 by the fastening screws 4a. This provides a 
means of elevating, or lowering, the slide 26, fo 
elevate or lower the grinding wheel to suit work 
._ pieces of different thickness and heights. 
;' The rail 28 may be angularly displaced from 
the perpendicular by pivoting it about the upper 
stud $fl, as the slot $! permits. This angular 
displacement provides a means of tapering the 
5o work, used, for example, in grinding clearances 
on cutting tools. Graduations  a indicate the 
degree of angular displacement of the rall 25. 
This method of tapering the work (stroking 
the cutter across the work, instead of the work 
__ across the cutter) provides for tapering all that 
part of the work operated on, at one setting. 
Whereas, in the case of the conventional panto- 
graph machine, wherein the work is stroked 
across the cuiter, and the only way to taper the 
6o work is fo tilt if on ifs support, a taper in only 
one direction is accomplished at one setting. 
Screw 45, threaded through the bracket 45 and 
extending to the hinged part 25, provides a means 
for feeding the grinding wheel toward and from 
65 the pantograph, as is necessary fo position the 
wheel and fo compensate for wear and dressing 
of the wheeI. The part 2'5 is held against the 
screw 45 by the compression spring 47, which is 
compressed between the part 25 and the head 
7O of the screw, the screw 8 passing loosely through 
the part 25 and threading into the bracket 45. 
Screw 49 moves the pin 59, and consequently 
the quill 2, for sidewise positioning of the grind- 
ing wheel, the screw 49 moving the pin 5 against 
75 the spring 5. Pin 59 is rigidly attached fo the 



uill  and extends through the sl0t. B2 into 
tle: bore contining the sl)ring 5 | and screw 
e b'oie is-threadèdto reeeive the screw 49. 
These two adjustments of the grinding wheel 
my be dispensed witb by providing endwise and 
sidèwise adjustment fol" the.stylus |5, for, as was 
pointed out above, precise .placement of the cutter_ 
and styl_us, in particular positiOnsïs not requied: 
te Only, reQuirementsbeing that the cutter and 
styluS be within range of the pantograph, that 
theF be alignd with the fixed point A, and that 
th ratio of. the distances A:AX-I=the deter- 
minIng ratiO, since these conditions could be 
stiSfiedby moving either the stylus or the cutter, 
if follows that the means for positioning, oneof 
the two can be dispensed with. However, both 
systems of adjustment may be conjointly desir- 
ble and in the dravings, I have shown adjust- 
ments for both stylus and cutter. 
Endvise adjustment of the stylus is accom- 
plished: byqoosening the clamping screws  and 
sliding the stylus | in the groove in which it 
restS4n the blöck 5. The stylus.is moved side- 
wise wtien the screw 5 is turned« forcing the 
bl0ck '. sidewise against the Spring 55. Block 
54 is. guided by the dovetail tongue fitted in the 
topof the pedestal 57 (see Fig. 2). Gib 55 and 
gib screws 9 are for taking up the slack and wear 
inthe dovetafl slide. 
The pivot shafts af the centers D and F, sup- 
portin the work rack and template rack, respec- 
tively, must be maintined precisely perpendic- 
ulgr t0 the planes in which the pantograph link- 
ges and the rcks more. The pivot shaft at the 
center F, designated a, is kept perpendicular 
by a movable arm comprising articulated links 
|} and |. The pivotally fixed end of the link 
H}  of the rm is pivotally supported in bearings 
contained in the pedestal |2 attached to the base 
2i. Bearings in the pedestal 2-and those at 
the- pivoting juncture of the links  8 and | |, and 
atso thOse at the free end of the arm which 
supports the pivot shaft a, are precisely aligned 
so the axes of all three pivots are parallel, and 
are:precisely perpendicular to the planes in which 
the pantograph linkage and the racks more. 
This arm, comprising the articulated links 
and ||, also serres to support the overhanging 
portion of the pantograph remote from pivot A 
against sagging. 
The pivot shaft l, having ifs axis at center D 
(see ]Fig, 3) is supported at ifs lower end in a 
bearing contained in the arm 5}. Arm }. is 
rlgfdly connected fo link 3 by the plate 2 and 
the: ïastening screws . This lower bearing 
ligned with the bearing in. the. link , to. main- 
tain the shaft | in precise perpendicular align- 
ment. 
The work rack and template rack are, respec- 
tiiely, solidly attached to the upper ends of the 
pivot shafts | and a. 
No-attempt bas been ruade to show in detail 
the bearings for the various pivots. Suflice it 
fo say that the machine built to test the feasibility 
of my invention had the pivots supported in 
ball bearings, which support the shafts both radi- 
ally and longitudinally against any perceptible 
movement, and which I bave found to be a prac- 
tical expedient. Many brands of such bearings, 
sealed against grit and lubricated for lire, are 
readfly obtainable, ihe inner and outer circles 
shown on the drawings af pivot points represent 
the inner and outer diameters of such bearings. 
Spacing shims, designated S and S', Fig. 5, 
are used when the work is to be nished all 

around:. The thickness of-the shims would be 
four rimes: the. thiclness of the fmish allowance 
on. the work when theratio of similitude of the 
temp]ate and work is-ito 1. When the work 
5 lis been finished on the sides which are against 
the guides the shims are remoied. 
Theform of the grinding wheel or cutter:must 
correspond, exactly fo that of the stylus tip in 
the saine ratio as the work piece to template: 
]0 It will.be:understood that a mflling cutter might 
be used in place of a grinding wheel, or even 
tool:such as a planer bit could be stroked across 
the: work .piece. 
Vhen.the cutter is ï grinding wheel, it can be 
]5 formed.t theexact shape and ratio of similitude 
by dressingwitladiamond mounted on ttie work 
rack: of the: pantograph machine. The position 
o: the diam0nd on the rack is hot criticaI, except 
that' the: distance "ahead" of the center D must 
'o be-known fo determine the distance ahead of the 
contez F of the edges of a parallel serving asïa 
temp]ate for the dressing operation. In other 
words, fo dress the wheel, a diamond is mounted 
in the work-holding rack, and a piece having a 
2. straight edge is placed in the template-holding 
rack; with the straight edge "ahead" of the center 
F by ' an amount equal to the distance of the 
diamond "ahead" of the center D rimes the de- 
termining ratio of the pantograph. With the 
:o grinding wheel and stylus positioned, the operator 
wilI discover that the dressing operation requires 
only a matter of stroking the stylus with the 
straightedge af all tangent positions. It will 
a]so be discovered.that the shape of the diamond 
;. point is hot critical---square, rounded, and sharp- 
;ointed diamonds all producing the saine wheel 
form. The foregoing would hot apply if the 
styls tips were undercut, and the straight-edge 
could hot make contact at all points. 
4o When using diamond grinding wheels, and 
other cutters v¢hich cannot be dressed, it is neces- 
sry fo shape the stylns fo conform to the shape 
of the grinding wheel or other cutter. 
Vhile I bave illustrated and described a spe 
o5 cific embodiment of my invention, it wfll be 
derstood that this.is by way of explanation, and 
ttiat various changes and modifications may be 
marie in the construction and arrangement of 
parts within the contemplation of my invention 
5o and undér the scope of the following claires. 
Fur-thermore; the size and design may be modi- 
fied- according to the character of the work to be 
done. Usually a machine as particularlydis- 
c-osed wfll be used for the finish grinding of pre- 
: cise outlines required in. making tool gauges and 
fine machine parts. Obviousty my iniention is 
not.restricted fo use in connection with grinding 
operatïons, Sut may also be advantageously em- 
plbyed in. connection with such other operations 
:c as  milling, shaping-, filing and lapping. 
I claire: 
1. A-pantographmachine of the class described 
comprising a supporting structure, a system of 
links pivotally mounted af one point on the sup- 
er5 porting structure and constituting a pantograph, 
the pantograph linkage defining a parallelogram 
with one of the arms af the end of the parallelo- 
grain rojecting fo provide an extension, a rem- 
plate ho]der pivotally mounted on said exten- 
7» sion, a work holder on the pantograph linkage 
having ifs ;oint of pivotal mounting in a line 
extending between the piiotal axis of the rem- 
plate holder and the pivotal axis on which the 
pantograph is mounted on the support, a stylus 
75 on the support positioned to engage a template 
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mounted in the template holder, a cutting ma- 
chine in front of the work holder positioned to 
engage a work piece mounted on the work holder, 
and an articulated supporting arm pivotally car- 
ried on the support and to which the pantograph 
system is connected ata point which coincides 
with the pivotaI axis of the template holder. 
2. A mechanism for controllîng feed more- 
ments between a work piece and a grinder or 
other shaping machine or tool, wherein the ïeed 
movements are a replica on a reduced scale of 
the approach and contact between an enlarged 
pattern and a stylus, said mechanism comprising 
a support, a pantograph lirikage having the usual 
long arm, short arm and fixed positions main- 
tained in aligned genuîne pantograph action rela- 
tion during operation, said pantograph linkage 
being pivotally attached at said fixed position 
to the support, a work holder pivotally connected 
to the linkage at the short arm and a pattern 
holder pivotally connected at the long arm posi- 
tions, a stylus holder on the support to hold a 
stylus in a fixed position relative to the support 
during operation and within the range of move- 
ment of the pattern holder for contacting a pat- 
tern on the pattern holder, and means on the 
pantograph for keeping the work and pattern 
holders in constant parallel relation to each other 
during operation, said work and pattern holders, 
and accordingly work pieces and the correspond- 
ing. pattern when in their operative positions on 
their respective holders, being anguIarly adjust- 
able in infinite increments relative to the sup- 
port about the axes ai the pivotal connections of 
the holders with their respective pantograph 
positions. 
3. A mechanism as defined in claire 2 wherein 
the means for keeping the holders in constant 
parallel relation to each other interconnects the 
work and pattern holders whereby any pivotal 
movement of either holder is equally and simul- 
taneously transmitted to the other holder where- 
by the holders, and consequently a work piece 
and a pattern on the holders, will be maintained 
parallel to each other. 
4. A mechanism as dened in claim 2 wherein 
the saîd holders are provided with guide parts to 
facilitate the placement of work pieces and pat- 
terns on the respective holders. 
5. A machine for shaping and finishing work 
pieces according to enlarged patterns wherein 
the feed movements are a replica on a reduced 
scale of the movements in approach and contact 
between an enlarged pattern and a stylus cora- 
prising a support, a pantograph linkage having 
the usual long arm, short arm and fixed posi- 
tions thereon maintained in aligned genuine 
pantograph relation as their disposition relative 
to each other varies during operation, said panto- 
graph linkage being pivotally attached at said 
fixed position to the support, a work holder pivot- 
ally connected to the linkage af the short arm 
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and a pattern holder pivotally connected af the 
long arm positions, a shaping tool holder and 
a styIus holder on the support to hold a shaping 
tool and a stylus respectively in separate fixed 
 5 positions to contact a work piece on the work 
holder and a pattern on the pattern holder, and 
means on the Iinkage for keeping the work and 
pattern hoIders in constant parallel relation to 
each other during operation, said work and pat- 
 0 terri holders, and accordingly work pieces and the 
corresponding pattern when in their operative 
positions on their respective holders, being angu- 
larly adjustable in infinite increments relative 
to the support about the axes at the pivotal con- 
15 nections of the holders with their respective 
pantograph positions. 
6. A machine as defined in claire 5 wherein 
the means for keeping the holders in constant 
parallel relation to each other interconnects the 
-0 work and pattern holders whereby any pivotal 
movement of either holder is equally and simul- 
taneously transmitted to the other holder.. 
7. A machine as defmed in claire 6 wherein 
the point profile of the stylus is similar to the 
OE5 point profile of the shaping tool with the ratio 
of their similitude being equal to the determin- 
ing ratio of the pantograph and having their 
center of similitude contained in the axis of the 
pivot connection of the pantograph to the sup- 
30 port. 
8. A machine as defined in claire 7 wherein 
the stylus holder is adapted to adjustably support 
interchangeable styIus whereby the stylus may 
be matched to the shape and size of the shaping 
35 tool and positioned for alignment. 
9. A machine as defined in claire 8 havîng 
means for imparting reciprocating movement to 
the shaping tool providing or stroking the shap- 
ing tool across the work piece. 
40 10. A machine as defined in claim 9 wherein 
the shaping tool holder incorporates means of 
adjustment for deviating the direction of said 
reciprocating movement as a means of tapering 
the work piece. 
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